Hemin arginate-induced heme oxygenase 1 expression improves liver microcirculation and mediates an anti-inflammatory cytokine response after hemorrhagic shock.
Microvascular failure is a major determinant for the development of hepatocellular dysfunction after hemorrhagic shock. Induction of heme oxygenase (HO) 1 may confer hepatocellular protection. Hemin arginate (HAR) induces HO-1 and protects against shock-induced organ failure. The mechanisms are not completely understood, but HO-1-mediated protective effects on the microcirculation and on the inflammatory response may contribute. Therefore, the aim of the present study was to investigate the influence of HAR pretreatment on liver microcirculation and cytokine response to assess the role of HO-1-mediated effects under these conditions. Male Sprague-Dawley rats (200-300 g; n=8 per group) were subjected to hemorrhage (MAP, 30-40 mmHg for 1 h) 24 h after pretreatment with vehicle (Ringer solution) or HAR (5 mg kg(-1)), followed by 2 h of resuscitation. The microcirculation and the redox state (nicotinamide adenine dinucleotide phosphate [reduced form; NADPH] autofluorescence) of the liver were assessed using intravital microscopy. Cytokine levels (TNF-alpha and IL-10) were quantified using an enzyme-linked immunosorbent assay. A profound induction of HO-1 was observed 24 h after pretreatment with HAR. Hemorrhage significantly reduced sinusoidal perfusion and increased NADPH autofluorescence and cytokine levels. Hemin arginate pretreatment significantly improved liver microcirculation, reduced NADPH autofluorescence, significantly increased IL-10, and tended to decrease TNF-alpha serum levels compared with shock vehicle. Blockade of the HO pathway with tin-mesoporphyrin-IX after HAR pretreatment abolished the observed beneficial effects, whereas the additional administration of the carbon monoxide donor dichloromethane reversed the tin-mesoporphyrin-IX-mediated changes. These results suggest that HAR pretreatment improves liver microcirculation and mediates an anti-inflammatory cytokine response after hemorrhagic shock through induction of HO-1 and in part through an increased carbon monoxide release.